In recent years, China's rapid development has brought severe environmental problems. We need to vigorously support the development of green credit and strive to innovate green credit products. Aiming at the diversity and ambiguity of green credit evaluation indicators, we propose a green credit product design method based on fuzzy concept lattice. Firstly, we improve the theory of fuzzy formal concept analysis and design a construction algorithm based on non-repetitive attribute set. Secondly, the reference information about green industries from different sources is added into a fuzzy formal context, and then the fuzzy concept lattice structure is generated by the construction algorithm based on non-repetitive attribute set. Thirdly, we propose a clustering method which considers the weights of attributes to reduce the size of the fuzzy concept lattice, and we use the relaxation error to evaluate the performance of the fuzzy concepts. Finally, we design some green credit products according to the results of the methods proposed in this paper, which are proved to be correct and effective.
I. INTRODUCTION
In 2012, in the report of the ''18th Communist Party of China National Congress'', ecological civilization construction was proposed to put in a prominent position and be integrated into economic development, social construction, and other aspects. Besides, the report clarified the key tasks of ecological civilization construction, sustainable development, or called green development, became an important development strategy of China. With the continuous development of national energy-saving and emissionreduction, China's green credit system has also begun to be established, developed, and gradually improved. In 2012, the China Banking Regulatory Commission (CBRC) issued the ''Green Credit Guidelines'', which clearly stated the range of green credit. It is the core and programmatic document of China's green credit system. In 2013, the CBRC formulated and issued the ''Green Credit Statistics Table' ', requiring 21 major banking institutions, policy banks, stateowned commercial banks, and major stock commercial The associate editor coordinating the review of this manuscript and approving it for publication was Amjad Ali . banks, to count and submit various types of loans, including high-risk enterprise loans and energy conservation and environment protection project and service loans. By inductive classification, the green credit statistics of 12 types of energy conservation and environmental protection projects and services and three types of strategic emerging industries were clarified. At present, China's green credit system has been established, and the green credit is in urgent need of vigorous development.
After several years of development, China's green credit balance has grown year after year. Anyway, there is still a big gap between reality and government expectations. It is mainly because of the lack of green credit products related to energy conservation and environmental protection industries and the innovation in green credit [1] . Many emerging energy conservations and environment protection industries have high input costs, long cost-recovery cycles, and high business risks, which have caused commercial banks to be reluctant to invest in them [2] . This situation will have an adverse effect on small and medium-sized energy conservation and environmental protection industries in growth. The green credit is poorly supported by commercial banks. In the ''Equator Principles'', the international standard for green credit, which is attended by 83 financial institutions around the world, only Industrial Bank in China has joined [3] . Therefore, the commercial banks should learn from the foreign innovation mechanisms in green credit product and strive to develop products for different energy conservation and environment protection enterprises combining the current situation and characteristics [4] . In this way not only can we support our energy-saving and environment protection industries, but also get more excellent economic benefits, so the green credit is a significant measure to deal with environmental risks and enhance the competitiveness of enterprises.
At present, most of the papers on green credit innovation are aiming at the development status and comparison of domestic and foreign development. Wang [5] analyzed the current state of research and use of green credit products; An [6] discussed the problems and innovative ways of green credit products; Long [7] compared 16 listed banks of China with commercial banks of developed countries, and researched the green credit system, risk evaluation, and products. However, few scholars have discussed the specific methods of green credit innovation.
In order to innovate in green credit products effectively, it is essential to accurately identify customers that meet the green standards, segment the market of energy-saving and environment protection, and design loan products suitable for different customers, so as to minimize the risk of bank financing as well as to provide the greatest support to the energy-saving and environment protection industries. The ''market segmentation'' is to put together the industries with similar qualifications and scales, to divide the whole market into several sub-markets with common characteristics [8] . To achieve the market segmentation, we usually use the method of clustering analysis, which belongs to a kind of data mining and knowledge discovery method. Clustering analysis can be used to find different customer groups which are suitable for green credit, and to find new potential markets by studying the characteristics of some customer groups.
At present, there have been many clustering methods, such as partition-based methods, hierarchical clustering methods, density clustering methods, grid clustering methods, neural network clustering methods, etc. However, most of them aimed at clustering the ''quantity'' or a small number of characteristics of the data, instead of clustering multiple attributes. When there are several attributes to be considered, most of the traditional clustering methods cannot achieve satisfactory results. For different energy-saving and environmental protection enterprises, we need to consider the historical credit balance, energy-saving and emission reduction capacity, capital recovery speed, and other attributes of different types of green industries, then design some targeted credit products for the industries with different combinations of attributes, which is also an essential performance of market segmentation. Therefore, the clustering methods dealing with the data with a small number of attributes are not suitable for the design of green credit products.
Many scholars also study clustering methods for highdimensional data. Most of these clustering methods achieve clustering by reducing the dimensions of data with multiple attributes [9] , [10] . For energy-saving and environmental protection enterprises with different attributes, we are not suitable to get an overall score by integrating each attribute, which is contrary to the idea of market segmentation. Therefore, these clustering methods are also not ideal for the market segmentation of green industries. Considering that the concept lattice is an excellent tool of dealing with clustering and data mining with multi-dimensional attributes, besides, it can not only gather the data with the same combination of attributes, but also discover exciting association rules among data groups. Therefore, this paper considers introducing concept lattice and its construction theory [11] to design green credit products.
Concept lattice was first proposed by Wille [12] in 1982. It is a poset with concepts as elements, which mainly describes the relationship between objects (samples) and attributes (features). Each node of the concept lattice is a formal concept, which is composed of two parts, namely the intent and the extent [13] . However, the concept lattice only describes information with precise attribute characteristics. In practical applications, most of the information is fuzzy and uncertain. The classical concept lattice theory can only describe the existence or absence but cannot reflect the degrees of attributes. Fuzzy sets theory [14] is one of the most influential theories about uncertainty, and it derives the theory of uncertainty reasoning theory-fuzzy logic [15] . Combining fuzzy set theory or fuzzy logic theory with concept lattice, using membership to describe the uncertain information is helpful for mining concepts and rules with fuzzy attributes, and thus it expands the application scenarios of concept lattices. Quan and Siu [16] proposed the concept of fuzzy formal concept analysis (FFCA), the corresponding concept lattice of which is called the fuzzy concept lattice [17] . The FFCA constructs the fuzzy concept lattice from the establishment of the formal context. Fuzzy concept lattices have superior performance in dealing with information with fuzzy attributes. Li et al. [18] designed an intension fuzzy concept lattice construction algorithm and applied it to knowledge discovery. Hou and Li [19] applied the construction of fuzzy concept lattice to semantic Web service matching and proposed a service similarity calculation method; Ma and Li [20] realized fuzzy ontology learning through fuzzy formal concept analysis. Therefore, in order to solve the complexity and uncertainty of evaluation indicators for energy-saving and environmental protection industries, we will use an evaluation method based on fuzzy concept lattice to explore green credit products.
The remainder of this paper is organized as follows: In Section II, we first review the concepts of FFCA and give some improvements to be better applicable to different attribute requirements. Then we propose a fuzzy concept lattice construction algorithm based on non-repetitive attribute set and a fuzzy concepts clustering method. In Section III, we put forward a fuzzy concepts clustering method which considers the weights of attributes. In Section IV, the fuzzy concept lattice construction algorithm and clustering method are applied to green credit data from different sources.
In Section V, we analyze the design scheme of green credit products based on our experimental results. Finally, this paper ends with some concluding remarks in Section VI. The fuzzy formal context can be represented as a twodimensional table, as shown in Table 1 . When the fuzzy relationship is 0 or 1, it is a classical 0-1 formal context. Therefore, the classical 0-1 formal context is a special case of a fuzzy formal context. =(X 1 , Y 1 ) and C 2 =(X 2 , Y 2 ) in the fuzzy formal context K=(O,M,I), and the membership confidence threshold λ.
II. PRELIMINARIES
, then the complete lattice constructed by this partial order relation is called the fuzzy concept lattice of the fuzzy formal context K at the confidence threshold λ.
Definition 5 ( [16] ): Let two fuzzy formal concepts C 1 =(X 1 , Y 1 ) and C 2 =(X 2 , Y 2 ), then their similarity degree is defined as:
Definition 6 ( [16] ): If C = (X,Y) is a fuzzy formal concept, then g (C) = |X| is defined as the granularity of concept C, to represent the number of objects in the extent.
The smaller the granularity is, the more attributes the intent contains. On the contrary, the larger the granularity is, the fewer attributes the intent contains.
B. IMPROVEMENTS OF FFCA
The definitions of FFCA mentioned above are classic laws. However, they do not apply to all situations and may have some drawbacks sometimes. We find that if we have different requirements for different attributes, then the confidence threshold of memberships may differ with each other. If there is only one confidence threshold, then it may lead to a deviation from the results and the actual requirement. So, we adjust some definitions as follows:
Definition 7: For a fuzzy formal context K = (O, M, I), each attribute has a membership threshold, which is recorded as λ m , λ m ∈ [0, 1]. Let X ⊆ O and Y ⊆ M, then there are two mappings defined as follows:
Definition 8: Given two fuzzy formal concepts C 1 = (X 1 , Y 1 ) and C 2 = (X 2 , Y 2 ) in the fuzzy formal context K = (O, M, I), a membership threshold set T, in which each membership threshold corresponds to an attribute, recorded
, then the complete lattice constructed by this partial order relation is called the fuzzy concept lattice of the fuzzy formal context K at the confidence threshold set T.
C. FUZZY CONCEPT LATTICE CONSTRUCTION ALGORITHMS
The process of constructing the fuzzy concept lattice contains not only extracting the HASSE diagram but also calculating the memberships of the corresponding attributes. The fuzzy concept lattice structure algorithms are divided into two types: the batch algorithms and the incremental algorithms [21] - [23] . Among the batch algorithms, Belohlavek [21] extended Ganter's NextClosure algorithm to the construction of fuzzy concept lattice, but the disadvantage was that it did not generate HASSE diagram. A few years later, Belohlavek et al. [22] presented a fast algorithm which computed the fuzzy concept lattice from the bottom up. Cui et al. [23] proposed a fuzzy concept lattice incremental construction algorithm based on the reduction of attributes, which was improved in time performance compared with batch algorithms. However, both batch algorithms and incremental algorithms have an exponential time complexity. The efficiency of the algorithm needs to be further improved.
III. CONSTRUCTION ALGORITHM AND CLUSTERING METHOD OF FUZZY CONCEPT LATTICE A. FUZZY CONCEPT LATTICE CONSTRUCTION ALGORITHM BASED ON NON-REPETITIVE ATTRIBUTE SET
In order to improve the performance of the fuzzy concept lattice construction algorithm, this paper proposes an algorithm based on non-repetitive attribute set, which is an improvement of the batch algorithm. The batch algorithm makes loop judgments based on the hierarchy of nodes, and one node may be generated multiple times in the calculation process. When the dimension of the formal context increases, the time complexity of the algorithm increases rapidly. The fuzzy concept lattice constructing algorithm designed in this paper firstly filters out the attributes contained in each object, secondly enumerates all non-empty subsets of these attributes, and then combines all non-empty sub-objects. Finally, each subset will be determined in turn whether it belongs to a node of a fuzzy concept lattice.
The algorithm flow of the fuzzy concept lattice constructing algorithm designed in this paper is as follows:
Input: fuzzy formal context K = (O, M, I), membership confidence threshold set T.
Output: Fuzzy concept lattice L. Algorithm 3.1:
Step 1: Initialize the fuzzy concept lattice L = {(∅, M) , (O, ∅)} and the collection of attribute sets LY = ∅ (used to store the attribute sets that have been judged).
Step 2: Take out one object o i ∈ O, and get all the attributes contained by this object according to the membership confidence threshold, which is expressed as f (o i ), then find all the non-empty subsets of f (o i ), expressed as F (o i ), and then merge F (o i ) into the non-repetitive collection of attribute sets LY, that is LY = LY ∪ F (o i ), until all the attribute sets are taken out.
Step 3: Traverse each attribute subset LY j , LY j ∈ LY, let A = LY * j , and judge it according to Definition 3: If A = ∅ and LY j = A * , then a new node LY * j , LY j of fuzzy concept lattice is generated and added to the fuzzy concept lattice (L = L ∪ LY * j , LY j ), and the corresponding memberships of the attributes are calculated.
Otherwise, no new node is created and the attribute set LY j is deleted.
Step 4: Layer all nodes by the number of attributes and set up a tree-shaped connection between nodes, at last, a HASSE diagram is formed.
The program flow chart is shown in Fig. 1 : From the aspects of node formation and update, compared with the classical batch algorithm and the progressive algorithm, the algorithm studied in this paper has excellent characteristics:
1) The algorithm does not repeatedly generate the same node, so there is no update of the node. 2) The algorithm dramatically reduces the generation of invalid nodes.
3) The process of extracting subsets is convenient for judging the relationship between nodes, which is beneficial to the formation of HASSE program.
In the fuzzy formal context shown in Table 1 , given the confidence threshold set T = {0.6,0.5,0.4,0.7,0.7}. Using the fuzzy concept lattice construction algorithm above, we can get the fuzzy concept lattice and the HASSE diagram (see Fig. 2 ):
Level 4:
B. FUZZY CONCEPTS CLUSTERING CONSIDERING THE WEIGHTS OF ATTRIBUTES
When the concept lattice is given fuzzy information, the number of concepts will become large. When the concept lattice is generated according to the fuzzy formal context, it also causes some inconveniences to the applications. Among the concepts of fuzzy concept lattice, there might be many concepts that are very similar to each other and have little significance to the discovery of knowledge, even present a barrier to the extraction of information, which is terrible for the integration of knowledge [20] . Therefore, the fuzzy concepts clustering method is needed to reduce the size of the fuzzy concept lattice.
If we summarize the existing fuzzy concepts clustering methods, then we can find that most of these methods cluster fuzzy formal concepts according to the similarities between fuzzy formal concepts [24] , [25] , and then the fuzzy formal concepts are transformed into a poset with hierarchical relationships. In the fuzzy formal context, when calculating the similarities between fuzzy concepts, the importance degrees of these attributes are sometimes different. However, previous clustering methods did not consider this aspect. Therefore, in this section, we will improve the clustering process of fuzzy concepts; The similarities between the nodes will be calculated considering the weights of attributes.
Definition 9: Let two fuzzy formal concepts C 1 = (X 1 , Y 1 ) and C 2 = (X 2 , Y 2 ), V 1 and V 2 be the weights of Y 1 and Y 2 , then their similarity degree (considering weights) is defined as:
When the weight is a factor of examining the similarities between the fuzzy concepts, the calculation of weights becomes the key to the problem. At present, there are many methods of calculating the weights, which are divided into three categories: subjective weighting methods, objective weighting methods [26] , and combinatorial weighting methods [27] . There is no best method, only the most suitable method. The formulation or selection of the method needs to refer to the characteristics of the data itself, as well as the subjective attention of the method users to each indicator. Therefore, this paper designs a novel combinatorial weighting method to calculate the weights.
Definition 10: Given a fuzzy formal context K = (O, M, I), for each attribute m ∈ M, let the membership confidence threshold λ m and the importance degree imp m , then the weight w m of the attribute m is defined as:
where k is a sufficiently small enough constant and k > 0. Formula 4 indicates the following characteristics: 1) The importance of attribute is proportional to weight.
2) Since the memberships of the fuzzy concepts are filtered by the confidence thresholds, then the greater the volatility of the membership, the less influence the attribute index has on the whole. 3) There is a possibility that max o∈X µ (o, m) = λ m .
To avoid the denominator being too small or even zero, we add a value of to the denominator. For example, if the confidence threshold set T = {0.6,0.5,0.4,0.7,0.7}, the importance degree set IMP = {2,1,3,1,1}, and given a sufficiently small enough constant k = 0.1, then we can get the weights as follows: 3 = v 5, w 4 = 5, and w 5 = 2.5.
Next, we can calculate the similarity degree of the concepts C 1 and C 3 in Fig. 2 :
The detailed process of clustering the fuzzy concepts considering weights of attributes is as follows:
Input: Fuzzy concept lattice L, the set of all edges E, and the similarity threshold θ , the membership confidence threshold set T and the importance degree set IMP.
Output: Fuzzy clustered concept set L.
Algorithm 3.2:
Step 1: Set the value of k and calculate the weight set V.
Step 2: Traverse the edge set E of the fuzzy concept lattice and find the sub and super concepts directly connected to this edge. Name the super node as C i = (X i , Y i ), and the sub concept as C j = X j , Y j .
Step 3: Calculate the similarity ρ ij between the super node C i and the sub concept C j according to Formula 3.
Step 4: If ρ ij ≥ θ , then we aggregate the two nodes into one fuzzy concept by C k = X i ∪ X j , Y i ∩ Y j and update the nodes until all the edges are traversed.
Step 5 : After clustering, re-divide the hierarchy of fuzzy concepts. It is noteworthy that these fuzzy concepts no longer have a self-contained structure, but they are collections of the partially ordered set.
The clustering flow chart of fuzzy concepts is shown in Fig. 3 : 
IV. CONSTRUCTION AND CLUSTERING OF GREEN CREDIT FUZZY CONCEPT LATTICE
The design of credit products includes not only the selection of prospective borrowers but also the setting of loan quotas, guarantee methods, and repayment methods, etc. So, the design of green credit products needs to meet the design goals of ordinary credit products and highlight the theme of ''green''. According to the regulations on green credit in ''Green Credit Statistics System'' issued by CBRC, green credit is a loan project of banking for strategic emerging industries and energy conservation and environmental protection projects and services including 12 major types of project. Therefore, aiming at the problem of insufficient innovation of green credit products in China, this paper uses the type of green credit projects stipulated in ''Green Credit Statistics System'' for analysis. Firstly, we establish a fuzzy formal context and construct the fuzzy concept lattice, then the concept clustering of the fuzzy concept lattice is carried out, to provide a knowledge discovery tool for the design of green credit products. Finally, the green credit product design is carried out by analyzing the calculation results.
A. DATA SELECTION AND PREPROCESSING
In order to make the credit products better targeted, this paper will base on the classification of energy conservation and environmental protection industries in ''Green Credit Statistics Table' ', use credit quota, energy conservation and emission reduction indicators, industry development prospect, the speed of fund recovery, the ability to resist environmental and social risks, and so on for analysis. The reference data for each indicator is shown in Table 2 :
The statistics on green credit are carried out semiannually. The statistical items include 12 types of traditional energy conservation and environmental protection projects and related services, and three major types of strategic emerging industries. The statistical content consists of green loan balance and energy-saving and emission reduction (including standard coal, carbon dioxide-equivalent, chemical oxygen demand, ammonia nitrogen, sulfur dioxide, nitrogen oxides, and water-saving). To convert statistics for different industries into unified performance values that can be evaluated comprehensively, this paper will preprocess the data according to various indicators. The data processing flow is as follows:
1) Average the data in ''Green Credit Statistics Table'' 
With regard to the evaluation of developments and prospects, we mainly refer to the reference industry reports in Table 2 to get the order quotas and ranking information, and the other scoring items are acquired through summarizing the descriptions of each industry in various related articles (these scores in this paper are only for this article and are not authoritative).
After scoring the memberships of all the classification items, first we need to set the membership confidence thresholds and the weights according to different indicators, then establish the fuzzy formal context of energy conservation and environmental protection industries, as shown in Table 3 :
In the fuzzy formal context shown in Table 3 , each node has a partial order fuzzy set that corresponds to this node. When the fuzzy concept lattice is constructed by the partial order fuzzy sets, each node is called a fuzzy formal concept.
B. CONSTRUCTING THE FUZZY CONCEPT LATTICE
Based on establishing the fuzzy formal context, the fuzzy concept lattice constructing algorithm designed in this paper is used to construct the fuzzy concept lattice, and the corresponding hierarchical ordering relations will be obtained. The program screenshot is shown in Fig. 4 :
After the construction of fuzzy concept lattice, a total of thirty-one fuzzy formal concepts are generated, which are listed in Table 4 . According to the number of attributes, the new concepts are divided into seven layers. The extent of each new concept contains the instances or objectscovered by this concept, and the intent of the new concept contains the attributes that the instances have in common. Take the fuzzy formal concept C 6 as an example, its object set is {Obj 3 , Obj 8 , Obj 10 }, which contains ''industrial energysaving, water-saving and environmental protection projects'', ''wind power project'' and ''hydropower project'', and its attribute set is {''Loan Balance'' (0.2), ''Standard Coal''(0.3), ''Nitrogen Oxide''(0.2)}. This means that the ''industrial energy-saving, water-saving and environmental protection projects'', ''wind power project'' and ''hydropower project'' all belong to projects with a large number of loans from major banks, besides, all of these types of project have good performances on the reduction of ''Standard Coal'' and ''Nitrogen Oxide''.
In order to improve the appearance of HASSE diagram, we use the formal concept analysis tool ''ConExp'' developed by the Darmstadt University of Technology in Germany to form the HASSE diagram. Let us adjust the position of the nodes and display the extent and intent of each node. Then the HASSE diagram is shown in Fig. 5 :
From the HASSE diagram shown above, the hierarchical ordering relations between different fuzzy formal concepts can be reflected. From the perspective of hierarchy, the upward node is the super concept, while the downward one is the sub concept. The super concept and its sub concept are connected by one edge. The attributes of each fuzzy formal concept are the sum of all the attributes of the upper layer (inherited from the attributes of super concepts), the objects of each fuzzy formal concept are the sum of all the objects of the lower layer (covering the extent of sub-concepts). For example, the leftmost Obj 14 in Fig. 5 corresponds to the fuzzy concept C 22 . Its attribute set contains the attributes of all super concepts, that is {''Water-Saving'' (0.4), ''Ability to Resist Environmental and Social Risks'' (0.4)}. Its object set is {Obj 14 , Obj 15 }, ''small-scale farmland water conservancy facilities construction project'' and ''urban water-saving project''. The inheritance relation embodies the hierarchical ordering relation between fuzzy formal concepts. 
C. CLUSTERING THE FUZZY CONCEPTS FOR GREEN INDUSTRIES
Since the information of related attributes is expressed by memberships in a fuzzy formal context, the uncertain fuzzy relationships will certainly make the concept lattice much larger than the ordinary one, which will present an obstacle to the integration and utilization of knowledge. In order to simplify the fuzzy concept lattice, it is necessary to cluster the constructed fuzzy formal concepts. Considering that the fuzzy formal concepts can be conveniently used to calculate the similarities by the membership values of attributes, we cluster the fuzzy concepts into new modules by comparing the similarities between fuzzy formal concepts, so that the objects of the same module are as similar as possible, while the objects of different modules are as different as possible.
The construction process of fuzzy concept lattice makes the classification items that have the same attributes gather into a small group (node), so different groups have different attributes and different levels of requirements. In the HASSE diagram, the similarities between concepts can be calculated to find the closet group of energy conservation and environmental protection project. Take the fuzzy formal concept C 10 as an example, the object set is {Obj 7 , Obj 8 , Obj 10 } and the attribute set is {''Standard Coal'' (0.3), ''Carbon Dioxide Equivalent'' (0.3), ''Nitrogen Oxide'' (0.2), and ''Ability to Resist Environmental and Social Risks'' (0.4)}. According to Def. 9 and Def. 10, when we consider the weights of attributes, the similarities between the concept C 10 and the fuzzy concepts which has the sub concept-super concept relation with C 10 can be calculated, as shown in Table 5 . If we compare the values of the similarities, then we can find that the most similar group to C 10 is C 9 .
According to the fuzzy concept lattice clustering method described in Section 3.2, we begin to cluster the fuzzy formal concepts of energy conservation and environmental protection industries.
Firstly, the similarities between the fuzzy formal concepts on the same chain are calculated. The greater the similarity value, the more similar the two fuzzy concepts are.
According to the similarity calculation results, let the similarity threshold θ = 0.75, and the fuzzy formal concepts with higher similarities are assembled into a new module. The number of fuzzy formal concepts being clustered is reduced, and these concepts no longer belong to a complete concept lattice but represent a collection of partial order relations. The smaller the similarity threshold, the greater the simplification of fuzzy formal concepts will be, and the more information will lose. Therefore, the similarity threshold cannot be too large. Otherwise, it will affect the effect of knowledge discovery. Then the clustered fuzzy concept modules (excluding the top and bottom concepts) are scored according to the sum of the membership values. Let us sort and categorize these scores and show it as in Table 6 :
For the reason that the evaluation indicators of different attributes are different, for two fuzzy formal concepts which do not have a sub concept-super concept relation, the calculated sums of scores can only be used as relative reference values, and cannot represent the absolute quality level of modules of fuzzy concept modules.
D. PERFORMANCE EVALUATION OF THE FUZZY CONCEPTS
In the construction of the fuzzy concept lattice, we approximate the formal context by setting the membership thresholds. This method improves the efficiency of the construction of concept lattice and is conducive to the discovery of knowledge, but it also causes the loss of information. Some objects with lower memberships are excluded. In order to evaluate the performance of the fuzzy concepts, we will calculate the relaxation errors of the final fuzzy concepts.
Definition 11 : The relaxation error R(x 0 , C) between an object x 0 and a fuzzy concept C = (X,Y) is defined as:
where Y=(y 1 , y 2 , . . . , y k , . . . , y M ), v k is the weight of the attribute y k , and the λ k is the membership of the attribute y k in C. We calculate the relaxation error between each clustered fuzzy concept and each object excluded by this fuzzy concept. Then we calculate the minimum relaxation error of each fuzzy concept and rank the minimum relaxation errors of all fuzzy concepts.
The fuzzy concepts of the lager and the smaller minimum relaxation errors are as Table 7 and Table 8 :
The value of relaxation error reflects the stability of the fuzzy concept. If the relaxation error between the fuzzy concept and its closest object is small, it means that the fuzzy concept is unstable, and the extent of the fuzzy concept is prone to change. On the contrary, if the relaxation error is large, it means that this fuzzy concept is relatively stable, which should be a significant consideration in the process of knowledge discovery.
V. DISCUSSION AND ANALYSIS OF GREEN CREDIT PRODUCT DESIGN
In order to design a right credit product, we need to abide principles of designing credit products. The most important thing is to make credit products targeted and differentiated. However, at present, most credit products on various financial platforms have experienced serious homogenization, and personalized services and scene functions are lacking [28] . Taking market segmentation as a breakthrough, we need to try to design differentiated credit products that meet the needs of target customers who have characteristics of local industries and life cycles, and that meet the different needs of market segments. Therefore, based on extracting and clustering the fuzzy concept lattice above, the fuzzy concept lattice established by studying the different attributes (indicators) of different energy-saving and environmental protection industries can be used to design the green credit products. Each extracted fuzzy concept represents a group that meets the requirements of different indicators.
According to the clustered fuzzy concept groups in Table 6 , we preliminarily designed four types of green credit products with specific and typical characteristics, as shown in Table 9 :
A. SPECIFIC ENVIRONMENTAL PROTECTION RIGHTS PLEDGE LOAN
In the 13th Five-Year Plan, the ''Proposal of the CPC Central Committee on formulating the 13th five-year plan for national economic and social development'' provided an option of establishing initial distribution systems of energy, water, emission, and carbon emission rights, founding and developing relevant trading markets. It means that for industries which perform well in the conservation of energy, water, etc., the capacities of energy-saving, water-saving, and emission reduction become realizable assets. For these types of industries, pledge loans for energy, water, emission, and carbon emission rights can be designed. Besides, the government may give banks a certain financial subsidy based on the amount of energy conservation and emission reduction, so that the banks can also appropriately lower interest rates to attract and support related green enterprises. For example, in the fuzzy concepts extracted in Table 6 , C 17 , C 12 , C 23 , C 2 , C 9 , C 14 and C 16 (one or several membership thresholds of energy-saving and environmental protection attributes are at a high level), are all excellent industries in energy-saving, water-saving, or emission reduction. These fuzzy concepts contain ten types of industries, such as ''environmental protection services'', ''biomass energy projects'', ''urban water-saving projects'', ''garbage treatment and pollution prevention projects'', and so on. These types of green enterprise loan have the characteristics of low interest rates and low risk.
B. NEW ENERGY VEHICLE LOAN
At present, most of the green loan products on the market are loan products for enterprises, but few banks have green loans designed for individuals. If we analyze the extracted fuzzy concepts, then we can find that personal new energy vehicle loan products can be designed for the group of C 25 (this fuzzy concept contains the ''personal loan'' attribute), which is called the ''new energy vehicle project''. Personal green loan products can effectively improve the green awareness of the public and help to establish a ''green'' label and a good brand image for commercial banks. Only by this, companies and products can be well known by the public and leave a deep-rooted brand image in the hearts of customers.
C. HIGH-QUALITY GREEN ENTERPRISE LOAN
For industries with large annual loan volumes, marketing targets can be concentrated to increase the overall green loan scale of banks. According to the green credit situation of 21 major domestic banks issued by CBRC in 2018, the non-performing loan ratio of green loans is much lower than that of ordinary loans. Therefore, expanding the scale of green loans can certainly improve the quality of bank loans. On the basis of considering the loan scale and loan quality, we can select three energy-saving and environmental protection enterprise groups (C 2 , C 4 and C 6 , the three fuzzy concepts all contain the ''loan balance'' attribute) to accurately target the groups of large loan demand and high loan quality, and thus the marketing cost of commercial banks can be reduced. These three fuzzy concepts contain eight types of industries, such as ''industrial energy-saving, watersaving, and environmental protection projects'', ''wind power projects'', ''hydropower projects'', ''railway transportation projects'', and so on.
D. SPECIFIC GOVERNMENT SUPPORTING GREEN LOAN
The demand for loans in some energy-saving and environmental protection industries is great. However, there are still many difficulties for them. Although many banks have launched green loan products, the ratio of the green loan balance to total loan balance is still low. It is mainly because many energy-saving and environmental protection enterprises are all emerging enterprises. Although the development prospect is broad, the operational risks are high. Most commercial banks are unwilling to take a great risk for these industries [5] . What's more, some industries invest heavily in fixed assets in the early stage. As a result, the recovery rate of funds is slow, and their ability to resist environmental and social risks is not strong enough. We can also find these fuzzy concepts representing these industries from Table 6 (C 2 and C 6 , contain the ''loan balance'' attribute, but not contain the ''speed of fund recovery'' attribute and the ''ability to resist environmental and social risks'' attribute). Take C 2 as an example, ''waste treatment and pollution prevention projects'' have excellent performance in saving water and reducing chemical oxygen demand and ammonia nitrogen, but the annual loan volume of this type of project is relatively large, and environmental protection equipment occupies most of the assets of companies, which causes the lack of liquidity in the company. Besides, there might be many uncertain risks in future operation. In response to this situation, it may be considered to cooperate with the government to reduce the risk cost, extend the loan terms or provide a more flexible repayment method to support these types of environmental protection industries.
E. ADJUST THE RANGE OF GREEN CREDIT PRODUCTS
The levels of green credit in different commercial banks are always different, which are determined by the specific conditions of banks. In this paper, this can be achieved by adjusting the confidence thresholds of the fuzzy formal context. 1) When commercial banks initially implement green loan products, considering that green credit usually has a low-interest rate to reduce the risks and guarantee the returns, the number of green loans may not be large, and the requirements for green loans are relatively high. So, from a methodological point of view, it can be achieved by increasing the confidence thresholds of the memberships of ''industry development prospects'', ''speed of fund recovery'', and ''ability to resist environmental and social risks'' indicators. 2) If the price fluctuation of environmental protection rights increases, there might be more risks for commercial banks. At this time, on the one hand, the energysaving and emission-reduction capabilities for green enterprises might be higher, which can be achieved by increasing the confidence thresholds of the memberships of environment protection rights, such as ''standard coal'', ''CO 2 equivalent'', ''water-saving'', and so on. On the other hand, we can slightly increase the loan interest rates of ''specific environmental protection rights pledge loan'', so as to deal with the risks caused by price fluctuation.
3) If commercial banks want to increase the proportion of green loans fast, then the confidence threshold of ''loan balance'' can be increased to find the most concentrated loan demand groups in energy-saving and environmental protection fields.
VI. CONCLUSION AND FURTHER STUDY
Aiming at the problem that domestic commercial banks have few products in green credit and lack of innovation in customer selection, this paper introduced the fuzzy concept lattice theory and designs a novel fuzzy concept lattice constructing algorithm. After a thorough analysis of energy-saving and environmental protection industries with different industry risks, environmental risks, and development prospects, etc., we established a fuzzy formal context, generated the fuzzy concept lattice, and clustered these fuzzy concepts, then provided an effective solution for the design of green credit products. In this paper, the following innovative achievements have been achieved: 1) Based on the fuzzy concept lattice theory, we improved some definitions of FFCA and a new fuzzy concept lattice constructing algorithm was designed and implemented. Then we introduced a clustering method considering the weights of attributes for fuzzy concepts to solve the problem that the number of fuzzy formal concepts was too large to knowledge discovery. 2) This paper selected the ''Green Credit Statistics Table'' published by CBRC, the analysis report of China's environmental protection industry and other relevant information on China's industrial information network as the data sources. After the pre-processing of data, the fuzzy formal context of various energy-saving and environmental protection industries was established. Next, the fuzzy concept lattice was generated through the constructing algorithm designed in this paper, and finally, we clustered these fuzzy formal concepts by the clustering method considering the weights of attributes, to form a series of simplified fuzzy concepts. These fuzzy concepts represented energy conservation and environmental protection industry groups which met different needs. 3) Using the extracted fuzzy concepts, we designed some green credit products for energy conservation and environmental protection industries. According to the attributes contained in different fuzzy concepts, different loan guarantee methods and repayment methods could be adopted for different industry groups.
What is more, we discussed the methods of adjusting the range of green credit products by changing relevant parameters. For commercial banks and financial institutions, the study in this paper can greatly reduce the identification and selection work of green projects. By subdividing these green projects, different credit products for green projects with different characteristics can overcome the concerns of commercial banks about many emerging energy conservation and environmental protection industries. At the same time, the green credit balance can be increased, which will rapidly promote the development of energy conservation and environmental protection in China and achieve a win-win situation between the ecological benefits and the development of China's economic undertakings. In the course of this study, there are still some shortcomings that can be improved in future studies.
1) Due to the limitations of the research, this paper only analyzed an overall national green credit statistical data issued by CBRC. However, in the actual credit product design process of commercial banks, specific regional data and commercial bank's self-condition should be considered for more targeted analysis, so the study object and these selected data in this paper are not directly applicable to the practical loan product design, but will select more detailed data and add more complex factors.
2) The setting of the memberships and relevant confidence thresholds for different indicators of energysaving and environmental protection industries in fuzzy formal context were not professional enough. It is necessary for professional loan designers in a commercial bank to conduct corresponding researches, to better reflect the actual situation of energy-saving and environmental protection industries. 3) In future research, we can consider collecting more comprehensive information about energy-saving and environmental protection industries through text mining in the big data environment, to provide better data support for the design of credit products.
